Introduction {#sec1-1}
============

Mild head injury (MHI) is common in children. The exact epidemiology of pediatric MHI is difficult to estimate, as these children are managed by different specialists in different setups. In our head injury registry comprising 7,164 patients, children accounted for 20% of all head injury cases presenting to casualty.\[[@ref1]\] Many children after MHI do not receive medical attention. When a child following MHI presents to the casualty/emergency room, it poses a potential problem for the treating neurosurgeon. Most of them may not have any significant injury, but few can have traumatic mass lesions requiring surgery or admission. Because of nonspecific symptoms of MHI in children, it is difficult to decide on the need for a computed tomography (CT) scan. To obviate this decision dilemma, a few clinical prediction rules (CPR) have been developed for MHI in children.\[[@ref2]\] An ideal CPR should detect the entire patients at the risk of abnormal CT scan, with a minimum number of scans required to detect one positive case.\[[@ref3]\] We aimed at identifying the predictability of positive CT scan from common symptoms after MHI in children.

Materials and Methods {#sec1-2}
=====================

This study was conducted at a tertiary-level referral center for the treatment of neurological, neurosurgical, and psychiatric patients. The center has a separate facility for trauma cases that serves patients from neighboring districts. Patients with head injury are evaluated by neurosurgery residents and data are entered in a structured "head injury proforma", which consists of comprehensive clinical and head CT scan findings. The data are verified by a qualified neurosurgeon on duty. Data of all patients with MHI, defined as Glasgow Coma Scale (GCS) score ≥13, over a period from January 1, 2010, to March 15, 2010, were retrospectively reviewed, and children ≤ 12 years were identified. We chose the cut-off age limit as 12 years because of the policy of government hospitals in India for registration in pediatric department. CT scan findings were confirmed independently from images archived in the picture archival communication system (PACS) of the institute by senior author (DS). We used 15-point Child\'s GCS for all children.\[[@ref4]\] To identify the predictors of our dependent variable "CT scan findings", it was categorized as normal and abnormal. The abnormal CT scan was defined as any skull fracture, cerebral edema, epidural hematoma, subdural hematoma, cerebral contusion, intracerebral hematoma, and subarachnoid hemorrhage. The variables used for the analysis were age, gender, cause of injury (road traffic accident, fall, and assault), loss of consciousness, vomiting, ear or nose bleeding, seizure, and GCS (13, 14, and 15).

Statistical methods {#sec2-1}
-------------------

The analysis was performed in SPSS 15 version (SPSS, Inc., Chicago, IL, USA; Network license, serial number 5047404). Data were expressed using descriptive statistics such as mean, standard deviation for continuous variables, frequency, and percentage for categorical variables. Statistical analysis was done using Chi-square test for categorical variables, and Mann--Whitney U test for continuous variables with 5% significance level. The discriminative ability of mentioned variables in predicting CT abnormality was evaluated using area under receiver operating characteristics (ROC) curve (AUC).

Results {#sec1-3}
=======

A total of 1,628 patients with MHI were evaluated during the study period; of these, 133 children ≤12 years (mean, 5.82 ± 3.05) were identified. [Table 1](#T1){ref-type="table"} presents the general demographic profile of these children. Most of the children were male. The most common cause of injury was fall, and most patients presented in GCS 15. The common symptoms were loss of consciousness (LOC), vomiting, ear or nose bleeding, and seizure. Other symptoms such as headache, giddiness, vision impairment, speech change, weakness of face or limbs, walking difficulty, and cerebrospinal fluid (CSF) rhinorrhea were absent. The abnormal (positive) CT scan was seen in 51.9% of cases. The most common CT scan finding was skull fracture followed by cerebral edema. Three patients required surgery for the evacuation of epidural hematoma; all of them had at least one symptom.
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The analysis of symptoms is given in [Table 2](#T2){ref-type="table"}. The presence of any symptom had an odds ratio of 1.80 (95% CI, 0.74-4.37) for a positive CT scan, but it was not significant. Among all symptoms, ear or nose bleeding had the highest odds ratio of 2.11 (95% CI, 0.83-5.34) for a positive CT scan, but it was not significant. The most common combination of symptoms was loss of consciousness and vomiting. Even the combination of symptoms was not significantly different in children with normal or abnormal CT scan. The estimates of symptoms and the AUC for the prediction of an abnormal CT scan are given in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. The sensitivity of presence of any symptom is good, but specificity is poor for abnormal CT scan. The AUC for any symptom was 0.545 (95% CI, 0.446-0.643), which is poor \[[Figure 1a](#F1){ref-type="fig"}\]. The AUC for individual symptoms was also poor \[[Figure 1b](#F1){ref-type="fig"}\].
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Sensitivity and specificity for presence of any symptom
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![(a) Area under receiver operating characteristics (ROC) curve (AUC) for the presence of any symptom (b) ROC AUC for all symptoms](JPN-8-183-g005){#F1}

Discussion {#sec1-4}
==========

Head injuries are common in children, but the majority of them are mild. Most head-injured children are conscious on arrival to casualty and do not have neurological deficit. However, such a patient constitutes a potential problem for neurosurgeons because a child with an apparent MHI can rarely develop an intracranial hematoma, deteriorate, and die. There is controversy regarding the policy for hospital admission and evaluation with CT scan for these children. A CT scan is desirable for children with MHI as it is useful for detection of a clinically significant intracranial lesion, prognostication, and decision for discharge. Children with MHI and brain lesions on CT scan have greater impairment on cognitive testing.\[[@ref5]\] On the other hand, children with normal CT scan after MHI can be discharged, and hospitalization is generally unnecessary.\[[@ref6]\] However, CT scan is not advisable for all children because of a remote risk of cancer.\[[@ref7]\] In a recent study on cancer due to CT scan, the authors found that the use of CT scans in children to deliver cumulative doses of about 50 mGy (i.e. 2-3 CT scans) almost tripled the risk of leukemia, and doses of about 60 mGy tripled the risk of malignant brain tumor. This finding translates into one excess case of leukemia and one excess case of brain tumor per 10,000 CT scans. The authors mentioned that clinical benefits of CT scan should outweigh the small absolute risks, and justification of any CT scan is important.\[[@ref7]\]

To obviate unnecessary CT scans, many guidelines are available for indication of CT scan for MHI in adults.\[[@ref3]\] Among these, Canadian CT Head Rule (CCHR) is the most widely validated rule, with a sensitivity of 99-100% and a specificity of 48-77%.\[[@ref8][@ref9][@ref10]\] A few CPR are available for the need for CT scan in children with MHI.\[[@ref10][@ref11][@ref12][@ref13][@ref14]\] These rules differ considerably in population, predictors, outcomes, methodologic quality, and performance. Many of them are not validated in a separate population, and their impact on practice has not been assessed. No single CPR is applicable to all patients. The range of sensitivity, specificity, negative predictive value (NPV), and positive predictive value (PPV) of these rules are 95-100%, 26-87%, 99-100%, and 5-12%, respectively.\[[@ref2][@ref10][@ref11]\] The highest quality CPR for children with MHI are the Canadian assessment of tomography for childhood head injury (CATCH), Children\'s head injury algorithm for the prediction of important clinical events (CHALICE), and Pediatric Emergency Care Applied Research Network (PECARN).\[[@ref15][@ref16][@ref17][@ref18]\] The symptoms and signs included in these CPR, with a decreasing order of probability of intracranial injury, include depressed or basal skull fracture, focal neurological deficit, coagulopathy, post-traumatic seizures, previous neurosurgery, visual symptoms, bicycle and pedestrian motor vehicle accident, loss of consciousness, vomiting, severe or persistent headache, amnesia, GCS \< 14, intoxication, and scalp hematoma/laceration.\[[@ref10]\] The dependant variable abnormal (positive) CT scan in these rules included the following CT scan findings: Skull fracture, epidural hematoma, subdural hematoma, subarachnoid hemorrhage, intraventricular hemorrhage, cerebral contusion, and cerebral edema. Few rules also defined significant injury as any CT scan finding that may require neurosurgical intervention, intracranial pressure monitoring, or admission to intensive care unit.\[[@ref10]\] In our patient population, only four symptoms were present: Vomiting, loss of consciousness, ear or nose bleeding, and seizures. We did not include scalp injury as a variable because it has little diagnostic value.\[[@ref10]\] We do not perform coagulation profile for patients with MHI at our institute; hence, we did not include this variable. Post-traumatic amnesia (PTA) is also an important predictor of abnormal CT scan. The emergence from PTA is difficult to assess in children; hence, we did not include this variable. We included all CT scan findings listed above as inclusion criteria for abnormal (positive) CT scan. We did not define separately significant intracranial injury. We did not include the need for surgery as a dependant variable since we had only three cases requiring surgery. The analysis of symptoms revealed slightly different estimates for the positivity of CT scan as compared to literature. The sensitivity and negative predictive value were less in our study. This means that one cannot reliably rule out the possibility of an abnormal CT scan in children with MHI without any symptoms.

Our study had certain limitations. The patient profile in our study included only the patients who underwent CT scan. We do not have the estimate of other children with MHI who did not undergo CT scan. We did not have as many patients in GCS 15 as in other studies; this itself shows a referral bias. We also had a higher rate of abnormal CT scan than other studies. The probable reason for higher positivity was inclusion of skull fracture, which was not included in other studies.\[[@ref13][@ref15][@ref16][@ref17]\] However, in spite of these limitations, our study answers one important question for neurosurgeons. A child with MHI presenting to a neurosurgeon should undergo CT scan if he/she has any of the following symptoms: Vomiting, loss of consciousness, ear/nose bleeding, and seizures. A child with MHI without any symptoms may require a CT scan depending on the clinical acumen of the evaluating neurosurgeon. A good clinical judgment based on experience is a better strategy than CT scan for the all versus discharge-all approach.

Based on our study, one cannot reliably rule out an abnormal CT scan in a child with MHI; hence, a policy of liberal CT scan is advisable. The immediate benefits of CT outweigh the remote risk of cancer in many circumstances. The diagnostic accuracy and speed of scanning cannot be replaced with any other modality, and it will be in practice worldwide.
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